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SERVO DATA DRIVEN MOTOR SPEED CONTROL

BACKGROUND OF THE INVENTION

1. Field of the Inventron

This invention relates generally to the field of disk
drives, and more particularly, to their digital motor
speed control circuits. :

2. Brief Description of the Prior Art

It is common practice to use a brushless D.C. motor
to drive a disk drive spindle. The speed of rotation of
the spindle must be maintained at a constant r.p.m.,
which is typically 3600 r.p.m.. The speed regulation
apparatus conventionally includes a sensor coupled to
the motor shaft which outputs:a pulse periodically on
rotation of the shaft. The frequency of output of this
pulse is then comipared to the frequency of a reference.
Based on the comparison, the speed control circuit
either increases the speed of rotation or decreases it.

A typical speed control system, according to the
above, is shown in Dohanich, Jr. U.S. Pat. No.
3,950,682 (filed Dec. 19, 1974) assigned to International
Business Machines Corporatlon, Armonk, N.Y.

SUMMARY OF:THE INVENTION

The present invention eliminates the need for input to
the speed regulation system from a separate sensor
mechanism coupled to the motor shaft. In its place, it
uses the servo data present on all disk drives to prov1de
an indication of rotational velocity. The servo data is
conventionally used to position and align the head accu-
rately at the center of a data track on the disk.

The present invention recovers the sync pulses pres-
ent in each frame of servo data with the circuitry ordi-
narily associated with the disk drive’s servo system and
couples the recovered sync pulses into the speed con-
trol circuit.

The speed control 01rcu1t compares the frequency of
the recovered sync pulses with the frequency of a refer-
ence oscillator:: The result of the comparison is used to
adjust the selection of a predetermined number of duty
cycles of power application to the motor.:The period of
the duty cycle is determined by the frequency of the
sync pulses. -~ -

The operating mode of the invention will allow the
motor to achieve a fixed speed independent of loading
or load changes. No initial adjustments need be made as
are required in analog systems due to component toler-
ances, for the present invention is self-compensating. In
addition, the implementation of the speed control cir-
cuit in digital logic makes it usable in large scale inte-
grated technologies.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1is asystem block diagram of the present inven-
tion;

FIGS. 2a and 2b are dragrams of servo data patterns
of two frames of servo data and the signals they induce
in a servo head;

FIG.3isa block dragram of the speed control elec-
tronics; and

FIG. 4a, 4b and 4c are timing diagrams showing per-
formance of the speed regulation circuit for a motor too
fast condition, a motor too slow condition, and a possi-
ble nominal operating sequence.
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DESCRIPTION OF THE PREFERRED
EMBODIMENT '

FIG. 1 shows a system block diagram of the'present
invention. Spindle motor 10, which is conventionally a
brushless DC motor, drives spindle and disk contbina-
tion 12 having multiple disks 14. As is common when
multiple disks are employed, at least one drsk stirface is
dedicated to serve a servo function. Such a $ervo stir-
face 16 is completely written with servo data, Servo’
head 18 reads this servo data and fransmits it to Servo °
data recovery circuit-20. Commonly - this ‘sérvd™ “data’
recovery circuit 20 provides the servo data to a ‘circuit *
(not shown) which uses the data to generate an error
signal showing a posmonal offset of the servo head from
servo system (not shown) which posmons thefhead ata
data track center.

FIG. 2 shows two “frames” of sefvo data-spanning
four typical tracks. The shaded aréas represent dibit
transitions. In consecutive order, a servo héad?18will”
encounter in a frame a “sync” dibit (*s”), a “code” dibit
(“c”), an “even” dibit (**¢”), an “odd” dibit (*6”) and a
“quad” dibit “q”. The function of the latter three dibits
is to indicate to the error detection circuitry the*loca~
tion and velocity of the head 64, as can be seéit in 'refer-
ence to arrows “A”, “B”; “C”; and “D” -and “‘E”and"
the pattern induced i in, the head c1rcu1ts thereby as mdr- -

which is written: at constant amphtude along a disk
radius. The code “c’ pulse is used to prov1de track
indexing mformatron

There are 2688 frames of such servo data’ per track’of
servo data in the preferred embodiment.” At a nominal
r.p.m. of 3600, one sync pulse occurs every 6. 2 micro-
seconds or 161,280 per second.

In the preferred embodiment, the servo data recovery
circuit 20 also provides a feedback signal 24 into a digi-
tal motor speed control circuit 26. This latter-circuit 26
compares the feedback signal 24 with a signal 47 from a
reference oscillator 28. The result of the: comparlson_
provides an indication of whether the motor’ is spmnmg
too fast or too slow. The results of the comparison are
used to control a motor driver circuit 56, whxch pro-
vides power to the brushless DC motor 10.

In the servo data recovery circuit 20, ‘the d1ff ntial
servo data 51gnal detected by servo head 18:is oupled
into a preamp 32 which is then filtered by low pass filter
34 and condmoned by an automatic gain control circuit
composed of amplifiers 35 and 36, low pass filter 37,
buffer amplifier 38, and automatic gain control current
pump 39, which provides feedback to ampllﬁer 35,45 is
known in the art. The output of buffer amphﬁer 38 also
is input into pulse digitizer or comparator 40. The other
input to pulse digitizer or comparator 40'is a réference
voltage Ve Signals exceeding Vi will triggér the
comparator to a specific state. Signals below that volt-
age will not trigger the comparator.

The output at digitizer 40 is then coupled to & sync
gate 41, the purpose of which is to isolate the sync
pulses from the other pulses in the frame. Sync gate 41
is controlled by phase-locked loop 45, which is com-
prised of a phase and frequency detector 42, voltage
controlled oscillator 43, a divide by N counter 44, ‘and
feedback 43. The output of the phase lock 100p 45 is
normally provided to the error detection circuit and
other drive circuits. Here it is also provided as a “feed-




4,485,337

3
back” input 24 to the digital motor speed control circuit
26. . :

The circuits of the servo data recovery circuit 20 of
FIG. 1 are conventional and form no part of the present
invention. .

As additional input to motor speed control circuit 26
is Motor Enable 65, which essentially turns the motor
power on and off. See infra.

In FIG. 3, the reference oscillator signal 47 is pro-
vided as an input to divide by N counter 49, the carry
out (“CO”) of which is provided as an input to speed
compare logic 50. The servo feedback signal 24 from
divide by N counter 44 is provided as an input to divide
by N/2 counter 48. The most significant bit (“MSB”) of
this counter is provided as a second input to speed com-
pare logic 50. The frequencies of these two inputs are
approximately 10.1 kilohertz each in the preferred em-
bodiment when the spindle motor 10 is operating at
nominal rotational velocity. The frequency of the most
significant bit of counter 48 is also the frequency of the
sample period of circuit 26. As long as the ratio of
counter 49. to counter 48 is maintained at 2 to 1, the
sample period of the circuit 26 can be changed by the
designer to provide the best operation for his particular
application. ,

To assure that the counters are synchronized at the
beginning of a sampling period, the reference oscillator
47 is also provided to a counter-enable logic circuit 54,
which has a second input the most significant bit of the
servo feedback counter 48. Counter-enable logic 54
enables reference counter 49 to count on the first cycle
of reference oscillator signal 47 after the MSB of feed-
back counter 48 is removed. A CO from counter 49
resets counter-enable logic 54 and inhibits counting in
counter 49. - .

The speed compare logic 50 uses conventional cir-
cuitry to determine whether the two frequencies input
to it from counters 48 and 49 are above or below each
other. The result of this comparison is provided as a fast
or slow signal to up and down counter control 51. If the
motor is too fast, counter 49 will reach its maximum
count during the presence of the MSB of counter 48. If
the motor is too slow, counter 49 will reach its maxi-
mum count before the presence of the MSB of counter
48.

The presence of both the MSB and next MSB of
counter 48 enables gate 63, the output of which clocks
up/down control 51 at the fall of the output, which
occurs at the fall of the MSB.

The clocking of up/down control 51 also clocks up/-
down counter 52 to count up or to count down depend-
ing on the state of the fast/slow indication of speed
compare logic 50. On maximum count, up/down
counter outputs a signal 58 to inhibit up/down control
51 from sending further count up clocks. Similarly
when the counter. 52 reaches its minimum count, the
counter 52 outputs a signal 59 to inhibit up/down con-
trol 51 from sending further count down clocks. On
every receipt of a count up clock, the counter 52 will
increment. On every receipt of a count down pulse the
counter 52 will decrement. Due to the feedbacks 58 and
59, when the counter reaches a count of 0 or a count of
15, the counter holds at that count.

In operation, when the motor is too fast at the receipt
of a clock, the counter 52 will count up 1, until it
reaches maximum count and there holds. When the
motor is too slow, the counter 52 will count down one,
until minimum count is reached and there holds.
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The three most significant bits 30 of the 4-bit counter
52 are provided as one set of inputs to duty cycle multi-
plexer 55. Depending on the state of these bits 30, one of
eight duty cycle decodes is multiplexed to the Duty
Cycle Latch 61. The eight decodes are illustrated in the
figure as outputs 0 through 7 of duty cycle decoder 53.
These decodes are used by the Duty Cycle Latch 61 to
generate eight duty cycle outputs which represent a
different percentage of “power-on” time between re-
ceipt of a most significant bit of the servo feedback
counter 48. Duty cycle output “0” has applied 100%
power to the motor 10. Output “1” applies an 87.5%
duty cycle. And so on in decrements of 12.5% to output
“6,” which has a duty cycle of 25%. Duty cycle output
“7” has a 0% duty cycle.

The count on the three most significant bits 30 from
4-bit counter 52 corresponds to the number of the out-
put selected. Thus, if the state of the three most signifi-
cant bits 30 is 0, output “0” is selected, and 100% power
is applied to the motor between receipt of two most
significant bits from the servo feedback counter 48.
Similarly if the state of the bits is 6, output “6” will be
selected and power is applied during 25% of the time
between receipt two of the most significant bits of the
servo feedback counter 48.

The duty cycle decoder determines the amount of
time the motor is turned “off”’; i.e., from the start of the
sample period (at the fall of MSB) until latch 61 is set.
Outputs “0” through “7” derived from bits 60 of
counter 48 specify different percentages of the duty
cycle “off” time. The specific cycling of on time and off
time on each of the outputs “0” through “7” of the duty
cycle decoder is controlled by the three most significant
bits 60 of the servo feedback counter 48 and by duty
cycle latch 61. At the fall of MSB from counter 48, the
latch is logically reset and the motor control signal 64 to
motor driver 56 disables power to motor 10. At the
logical rise of a run signal from duty cycle multiplexer
55, the latch 61 is logically set, sending a motor control
signal 64 to motor driver 56 to enable power to motor
10.

Referring to FIGS. 4a and 4b, there are illustrated
two timing diagrams, one occurring when the motor is
too slow and the other occurring when the motor is too
fast. Turning our attention first to the condition when
the motor is too slow, the second line of FIG. 4b refers
to the carry (*CO”) output of the reference oscillator
divide by N counter 49. The line just above represents
the most significant bit (“MSB”) of the servo feedback
counter 48. Comparison of these two lines shows that
the servo feedback frequency is less than that of the
reference frequency. Thus we have a motor too slow
condition.

When the motor is too slow, more power must be
applied to the motor. If we assume that the initial count
in the counter is a count of 15, duty cycle “7,” having a
duty cycle of 0%, is then multiplexed to the motor
driver 56. At receipt of the next most significant bit
from the servo feedback counter 48 the 4-bit, counter 52
decrements by 1 to a count of 14. The state of the three
most significant bits remains unchanged and duty cycle
7 remains selected. At the receipt of the next most sig-
nificant bit, the counter 52 decrements to 13 and duty
cycle “6,” having a 25% duty cycle, is multiplexed to
the motor driver 56. This sequence continues until the
motor too fast condition is reached or a count of zero is
reached. At the receipt of every most significant bit,
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counter 52 decrements. At every other most significant
bit, the selection of duty cycles changes.

Assuming that the motor is too fast and that the 4-bit
counter 52 has a count of 0, duty cycle “0,” having duty
cycle of 100% is multiplexed to the motor driver 56, as
seen in FIG. 4a. At the next receipt of a most significant
bit from the servo feedback counter 48, counter 52
increments to a count of 1. At the receipt of the next
most significant bit, the counter increments to a count of
2 and duty cycle “1”, having a 87.5% duty cycle is
multiplexed to the motor driver 56. At the receipt of the
next most significant bit, counter 52 increments to a
count of 3. At a next most significant bit, the counter
will increment to 4 and duty cycle “2” having a duty
cycle of 75% is multiplexed to the motor driver 56. This
sequence will continue until a motor too slow condition
is reached or a count of 15 is reached.

Under actual operating conditions the motor speed
control circuit 26 will “hunt” a duty cycle—or narrow
range of duty cycles—which will keep the motor at the
required speed. The average duty cycle applied to the
motor windings depends on the torque constant of the
motor as well as its inertial load. FIG. 4¢ displays a
possible sequence of operation for the motor speed
control circuit under actual operating conditions.

Accurate control of the motor speed is provided
because the duty cycle of the power applied to the
motor varies rapidly in response to changes in motor
speed.

The specification of the elements of the preferred
embodiment are not to be taken as a limitation on the
scope of the appended claims, in which I claim:

1. A motor speed control comprising:

a motor; _

means for generating feedback signals responsive to

the speed of rotation of said motor;

a reference speed indicating means;

an up/down counter means;

feedback signal counter means for counting said feed-

back signals and for resetting to a count of zero on
reaching a first predetermined count;

means responsive to said feedback signal counter

means and to said reference speed indicating means
. for incrementing or decrementing said up/down
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6

counter depending on whether the speed of rota-
tion of said motor is too fast or two slow;

decode means responsive to said feedback signal

counter means for outputting a predetermined
number of decode signals, each signal indicative of
the count in said feedback signal counter means
reaching a predetermined one of a corresponding
number of counts;

multiplexer means responsive to the count of said

up/down counter for selecting one of said prede-
termined decode signals; and

duty cycle latch means responsive to the logical rise

of the selected signal for enabling power applica-
tion to said motor and further responsive to a pre-
determined count of said feedback signal counter
means for disabling power application to said mo-
tor.

2. The speed control of claim 1 wherein said means
for generating feedback signals comprises means for
recovering servo data from a disk.

3. The speed control of claim 1 wherein said refer-
ence speed indicating means comprises a reference os-
cillator means.

4. The speed control of claim 2 wherein said servo
data includes sync dibits and said feedback signals are
output upon detection of said sync dibits.

§. The speed control of claim 3 wherein said means
responsive to said feedback signal counter means in-
cludes means for comparing the frequency of said feed-
back signals to the frequency of said reference oscilla-
tor. :

6. The speed control of claim 5 wherein said means
responsive to said feedback signal counter means in-
cludes means for incrementing or decrementing said
up/down counter means responsive to said means for
comparing. S

7. The speed control of claim 6 wherein said up/-
down counter means includes means for holding on
reaching maximum or minimum count. ,

8. The speed control of claim 4 wherein said feedback
signal counter means includes means for generating a
most significant bit signal on counting a predetermined
number of said feedback signals; said means for incre-
menting or decrementing said up/down counter means

being responsive to said most significant bit signal.
* * * * *
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